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(57) ABSTRACT 
(21) Appl. No.: 10/849,652 A Stent/graft assembly includes a tubular graft connected in 
(22) Filed: May 20, 2004 Substantially end-to-end relationship with a generally tubu 

lar Stent. Free ends of the Stent and graft extend in opposite 
Related U.S. Application Data directions from the end-to-end connection during a pre 

deployment orientation of the assembly. However, the graft 
(63) Continuation-in-part of application No. 09/900,241, is inverted during deployment So that free ends of the graft 

filed on Jul. 6, 2001. 
Continuation-in-part of application No. 09/961,825, 
filed on Sep. 24, 2001, now abandoned. 
Continuation-in-part of application No. 10/299,882, 
filed on Nov. 19, 2002. 

and the Stent extend in Substantially the same direction from 
the end-to-end connection in a post-deployment orientation. 
Thus, at least a portion of the Stent is disposed within at least 
a portion of the graft in a post-deployment orientation of the 
assembly. 
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STENT/GRAFT ASSEMBLY 

0001. This application is a continuation-in-part of appli 
cation Ser. No. 09/900,241, application Ser. No. 10/299,882 
and application Ser. No. 10/612,531 all of which are pend 
ing. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The subject invention relates to a stent and graft 
assembly for treating vascular anomalies, Such as aneu 
rySms. 

0004 2. Description of the Related Art 
0005 Vascular anomalies are considered to include blood 
vessels that are damaged, weakened or otherwise impaired. 
The anomaly may include a local change in the croSS 
Sectional dimensions of the blood vessel. For example, 
aneurysms include a local area where a blood vessel expands 
to a larger croSS-Sectional area due to disease, weakening or 
other damage. 
0006 The aorta extends from the heart and through the 
abdomen. The abdominal aorta then feeds abdominal organs 
and the right and left iliac arteries that bring blood to the 
right and left legs respectively. The aorta is prone to aneu 
rySms. Aortic aneurysms that are not treated in a timely 
manner can lead to rupture, occlusion, infection or the 
production of emboli which can flow downstream and 
occlude a Smaller blood vessel. A ruptured aortic aneurysm 
typically is fatal due to a loSS of the large Volume of blood 
that flows through the abdominal aorta. 
0007 Aneurysms can be corrected by grafts. The typical 
graft is implanted Surgically by accessing the Site of the 
aneurysm, cutting open the aneurysm and then Surgically 
forming an appropriate fabric into a tubular shape that spans 
the aneurysm. Thus, upstream and downstream ends of the 
prior art graft are Sutured to healthier regions of the blood 
vessel. 

0008. The prior art also includes endovascular grafts. An 
endovascular graft comprises a flexible tubular member 
formed from a synthetic fabric. The graft is selected to have 
an outside cross-sectional dimension that approximates the 
inside cross-sectional dimensions of the blood vessel on 
either Side of the aneurysm. The graft also is Selected to have 
a length that exceeds the length of the damaged area of the 
blood vessel. 

0009. An unsupported flexible tubular graft has a ten 
dency to collapse in the presence of the flowing blood and 
could be transported downstream by the blood flow. As a 
result, endovascular grafts are used in combination with a 
Stent. Stents take many forms, including balloon expandable 
Stents and Self-expanding Stents, but typically are resilient 
cylindrical members that are inserted axially through the 
tubular graft prior to insertion into the blood vessel. The 
Stent and the graft are Sutured together prior to deployment 
So that the opposed ends of the Stent align with the opposed 
ends of the graft. The endovascular graft assembly then is 
inserted through a healthy region of the blood vessel and is 
advanced through the circulatory System to the aneurysm or 
other damaged region of the blood vessel. More particularly, 
the endovascular graft assembly is advanced to a position 
where the endovascular graft assembly bridges the aneurysm 
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or other damaged portion of the blood vessel. However, the 
opposed axial ends of the endovascular graft assembly 
extend beyond the aneurysm. The Stent then is expanded to 
hold the graft in an expanded tubular condition with at least 
the opposed axial end regions of the graft being urged tightly 
against the interior of healthy regions of the blood vessel. 
The Stent and the graft of the prior art endovascular graft 
assembly are coaxial, and longitudinally coextensive. 
0010 Prior art assemblies of stents and grafts typically 
perform well. However, the coaxially and longitudinally 
coextensive arrangement of the Stent and graft has resulted 
in a cross-sectionally large assembly. A croSS-Sectionally 
large graft and Stent assembly can be difficult to insert and 
deliver intravascularly to the damaged Section of the blood 
vessel and may require Surgery. 
0011. The inventor herein has developed low-profile 
stent/graft structures, as shown for example in U.S. Pat. No. 
6,015,422, U.S. Pat. No. 6,102.918 and U.S. Pat. No. 
6,168,620. 
0012. In view of the above, it is an object of the subject 
invention to provide improvements in vascular Stent and 
graft assemblies that provide a Small cross-section and low 
profile. 
0013. It is also an object of the invention to provide an 
endovascular Stent and graft assembly that can be introduced 
easily into and through the damaged or diseased Section of 
a blood vessel. 

0014) A further object of the subject invention is to 
provide a System of endovascular Stents and grafts that can 
be assembled intravascularly through damaged regions of a 
blood vessel. 

SUMMARY OF THE INVENTION 

0015 The subject invention is directed to an endovascu 
lar graft assembly that comprises at least one tubular vas 
cular graft and at least one fixation device. The tubular graft 
and the fixation device are connected Substantially in end 
to-end relationship with little or no longitudinal overlap. In 
certain embodiments, the Substantially end-to-end relation 
ship of the tubular graft and the fixation device may include 
a Small axial Space between the tubular graft and the fixation 
device. One or more connecting wires may bridge the Space 
between the axially align tubular graft and fixation device. 
The tubular graft has a length that exceeds the length of a 
damaged Section of a blood vessel that is being repaired by 
the endovascular graft assembly. The tubular graft also has 
a cross-sectional size that is about 10%-30% wider than the 
croSS-Sectional size of the blood vessel that is being repaired. 
The tubular graft preferably is formed from a synthetic 
material, Such as a material formed from an ultra thin 
polyester fiber, or other vascular graft materials known to 
those skilled in this art. 

0016. The fixation device may comprise a generally 
tubular stent. One end of the tubular stent is securely affixed 
to one end of the tubular graft. The end-to-end fixation of the 
graft to the stent preferably is carried out with little or no 
telescoping between the tubular graft and the Stent. How 
ever, a slight amount of telescoping (e.g. 0-20 mm) may be 
required to ensure a Secure and Substantially permanent 
interengagement. The connection between the tubular graft 
and the tubular Stent may be achieved by hooking, Stitching, 
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fusing or other Such Secure connection techniques. The 
connection need not be continuous around the peripheries of 
the stent and the tubular graft. Thus, the stent and the tubular 
graft merely may be connected at one location on their 
respective ends or at plural Spaced-apart locations. 

0.017. The fixation device need not be a tubular stent. 
Rather, the fixation device may comprise a plurality of hooks 
that extend from at least one longitudinal end of the tubular 
graft. The hooks can be engaged with healthy Sections of 
blood vessel on either side of an aneurysm. The fixation 
device may further include an annular ring affixed to an axial 
end of the tubular graft, and the hooks may project axially 
from the ring. The ring functions to keep the tubular graft 
open during insertion of the endovascular graft assembly 
into the blood vessel. 

0.018. The endovascular graft assembly further comprises 
an internal Stent to provide radial Support for the tubular 
graft of the endovascular graft assembly. However, unlike 
prior art endovascular graft assemblies, the internal Stent of 
the Subject invention is deployed after the end-to-end assem 
bly of the fixation device and tubular graft have been 
positioned properly acroSS the aneurysm. The internal Stent 
may be a balloon expandable Stent or a Self-expanding Stent. 
However, the insertion of the internal stent after the insertion 
of the end-to-end assembly of the fixation device and tubular 
graft greatly facilitates the deployment of the entire endo 
vascular Stent/graft assembly to the proper location. 

0019. The endovascular graft assembly may further 
include at least one Support that extends from the fixation 
device into the graft to prevent the graft from collapsing 
radially or axially during or after installation and/or to 
provide radially outward Support for the graft. The Support 
may comprise at least one longitudinally extending wire 
extending from the fixation device Substantially entirely 
through the graft and then anchored at the axial end of the 
graft opposite the Stent. The Support may alternatively 
comprise a coil eXtending Substantially from the fixation 
device, through the graft and to the end of the graft opposite 
the fixation device. The Support may be connected to the 
fixation device or unitary with portions of the fixation 
device. 

0020. The endovascular graft assembly may comprise at 
least two fixation devices connected respectively to opposite 
ends of a tubular graft. The endovascular graft assembly 
may further comprise a plurality of tubular grafts connected 
respectively to opposite axial ends of fixation devices. The 
tubular graft and tubular fixation devices need not be all of 
identical cross-sectional sizes. Additionally, the assembly 
may comprise plural fixation devices connected axially to 
the legs or branches of a bifurcated or trifurcated graft, Such 
as a graft having an inverted Y-shape. Furthermore, certain 
components of the assembly may be assembled intravascu 
larly and intraoperatively. The end-to-end connection of a 
tubular fixation device and a tubular graft provides advan 
tages over a graft that is at least partly coextensive with a 
tubular Stent. In particular, the croSS-Sectional dimension of 
the preferred assembly is smaller than an assembly with the 
tubular graft and tubular Stent at least partly coextensive 
with one another, and hence insertion is easier. However, the 
end-to-end axial connection of a tubular graft with a tubular 
fixation device has advantages that can be applied to a 
coextensive tubular graft and tubular Stent. For example, one 
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or more tubular grafts may be assembled preoperatively with 
one or more tubular Stent. This assembly can include a single 
tubular graft with a single tubular Stent inwardly therefrom, 
a tubular graft with a plurality of axially Spaced tubular 
Stents inwardly therefrom or an assembly with one or more 
tubular Stents disposed between concentrically disposed 
inner and outer tubular grafts. Any of these tubular Stent/ 
graft assemblies can be connected in end-to-end relationship 
with a fixation device. Such an end-to-end combination 
would not achieve the Small cross-section and easy insertion 
of the above reference preferred embodiment. However, the 
end-to-end connection of a fixation device and an assembly 
with a tubular graft and one or more tubular Stents can 
achieve enhanced fixation and can prevent the assembly of 
the tubular graft and tubular stents from drifting in the blood 
vessel. 

0021. The tubular graft and the fixation device includes 
connected ends that are connected to one another in Sub 
Stantially end-to-end relationship and free ends that are not 
connected to one another. Thus, the free end of the tubular 
graft is at the end of the endovascular graft assembly remote 
from the fixation device. Similarly, the free end of the 
fixation device is at the end of the endovascular graft 
assembly remote from the tubular graft. 
0022. The endovascular graft assembly may be deployed 
with an introducer sheath or other Such deployment device. 
The introducer sheath or other Such device is an elongate 
member that may be Substantially tubular and has a cross 
Sectional area less than the croSS Sectional area of the blood 
vessel that requires repair. The introducer sheath or other 
Such introducing device has a leading end and an opposed 
trailing end that may be a hub. The free end of the tubular 
graft is attached releasably to the leading end of the intro 
ducer sheath or other Such deployment device. Additionally, 
the free end of the fixation device of the endovascular graft 
assembly is farther from the leading end of the introducer 
sheath or other Such deployment device, and hence nearer to 
the trailing end the introducer sheath. 
0023 The endovascular graft assembly may be intro 
duced into a blood vessel that requires repair. This intro 
duction is carried out So that the free end of the tubular graft 
leads the fixation device into the blood vessel. The tubular 
graft is moved through the blood vessel and slightly beyond 
the region of the blood vessel that requires repair. The 
fixation device then is moved axially within the tubular graft 
and towards the leading end of introducer sheath or other 
such deployment device. This movement of the fixation 
device is carried out independently of the tubular graft and 
hence causes the tubular graft to be turned Substantially 
inside out. More particularly, the connected end of the 
tubular graft begins moving axially within the tubular graft 
and toward the free end of the tubular graft. Sufficient 
movement will cause the connected end of the tubular graft 
to advance axially beyond the free end of the tubular graft. 
The relative positions of the free end of the tubular graft and 
the free end of the fixation device will depend upon the exact 
characteristic of the aneurysm or other Such vascular 
anomaly that is being corrected. In Some instances, the 
connected ends of the tubular graft and the fixation device 
will be aligned with one another and both will be axially 
beyond the free end of the tubular graft. In other instances, 
the connected end of the fixation device will move axially 
beyond both ends of the tubular graft. In this situation, the 
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Substantially end-to-end connection of the tubular graft and 
the fixation device will define a connector with a slight axial 
gap. In Some instances, the free end of the fixation device 
will be within the tubular graft. In other instances, the free 
ends of the fixation device will project axially beyond the 
free end of the tubular graft. 
0024. All of these embodiments simplify deployment of 
the endovascular graft assembly. In this regard, the endo 
vascular graft assembly achieves the Small croSS Sectional 
dimension due to the end-to-end connection of the tubular 
graft and the fixation device during deployment. However, 
unlike prior art endovascular graft assemblies, there is 
generally no need for an additional deployment of an 
internal Stent to hold the tubular graft in an expanded 
position. Rather, the Stent of the endovascular graft assembly 
performs the function of the internal stent. Sutures or other 
connectors known to those skilled in the art may connect the 
free end of the tubular graft to the leading end of the 
introducer sheath or other such deployment device. The 
Sutures, however, may form a connection that is easily 
releasable. The endovascular graft assembly may include 
means for inverting the tubular graft or turning the tubular 
graft inside. 
0.025 The tubular graft may be a bifurcated graft with a 
Single tubular connected end joined to the connected end of 
the fixation device in Substantially end-to-end relationship. 
The bifurcated graft may further include first and second 
tubular legs of the bifurcated graft with first and second free 
ends. This embodiment of the endovascular graft assembly 
may be deployed Substantially in the manner described 
above. In particular, one leg of the tubular graft may be 
inverted and passed interiorly into the opposed leg. This 
embodiment may be deployed Substantially in the manner of 
the previous embodiment. However, after a final Stage of 
deployment, the stent or other such fixation device will be 
moved axially within the bifurcated graft to a point beyond 
the bifurcation. The inverted leg will then be reoriented so 
that the bifurcated graft assumes a generally Y-shaped 
configuration. AS before, the endovascular graft assembly in 
accordance with this embodiment provides for low profile 
deployment and permits the assembly to be used without an 
additional internal Stent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.026 FIG. 1 is an elevational, partly in section, view of 
an endovascular Stent/graft assembly in accordance with a 
first embodiment of the invention. 

0.027 FIG. 2 is an enlarged elevational view, partly in 
Section, of a connection between the Stent and graft of the 
assembly in either FIG. 1. 
0028 FIG. 3 is an enlarged elevational view partly in 
Section, Similar to FIG. 2, but showing an alternate connec 
tion between the Stent and the graft. 
0029 FIGS. 4A and 4B are enlarged elevational views, 
partly in Section, showing a further alternate connection 
between the Stent and the graft. 
0030 FIG. 5 is an elevational view of the graft with 
hooks for fixation to the stent or to a blood vessel. 

0031 FIG. 6 is an elevational view similar to FIG. 5, but 
showing hooks on the tubular Stent. 
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0032 FIG. 7 is an elevational view of an endovascular 
Stent/graft assembly in accordance with a Second embodi 
ment of the invention. 

0033 FIG. 8 is a schematic illustration of the endovas 
cular stent/graft assembly of FIG. 1 inserted into a blood 
vessel. 

0034 FIG. 9 is a schematic illustration of an insertion of 
the endovascular stent/graft assembly of FIG. 1 into the 
abdominal aorta. 

0035 FIG. 10 is a schematic illustration of the endovas 
cular stent/graft assembly of FIG. 1 deployed through the 
right iliac artery and then inserted into the left iliac artery. 
0036 FIG. 11 is an elevational view, partly in section of 
a third alternate endovascular Stent/graft assembly. 
0037 FIG. 12 is a perspective view of a fourth embodi 
ment of an endovascular Stent/graft assembly in accordance 
with the subject invention. 
0038 FIG. 13 is a perspective view of an endovascular 
Stent/graft assembly in accordance with a fifth embodiment 
of the subject invention. 
0039 FIG. 14 is a side elevational view of the endovas 
cular stent/graft assembly of FIG. 13 with a cross-sectional 
variation along the length of the graft to accommodate 
croSS-Sectional variations of the blood vessel. 

0040 FIG. 15 is a schematic view of a modular endo 
vascular Stent/graft assembly that represents a sixth embodi 
ment of the invention intended primarily for deployment 
into the abdominal aorta and adjacent regions of the left and 
right iliac arteries. 
0041 FIG. 16 is a schematic view of a seventh embodi 
ment of an endovascular Stent/graft assembly in accordance 
with the invention. 

0042 FIG. 17 is a schematic view of an eighth embodi 
ment of an endovascular Stent/graft assembly in accordance 
with the invention. 

0043 FIG. 18 is a schematic view of a variation of the 
eighth embodiment. 
0044 FIG. 19 is a schematic view of a modular endo 
vascular Stent/graft assembly that represents a ninth embodi 
ment of the invention intended primarily for deployment 
into the abdominal aorta and adjacent regions of the left and 
right iliac arteries. 
004.5 FIG. 20 is a schematic view of a variation of the 
stent/graft assembly of FIG. 19. 
0046 FIG.21 is a schematic view of a tenth embodiment 
of an endovascular Stent/graft assembly in accordance with 
the invention. 

0047 FIG. 22 is a schematic view of an eleventh 
embodiment of an endovascular Stent/graft assembly in 
accordance with the invention. 

0048 FIG. 23 is a schematic view of a twelfth embodi 
ment of an endovascular Stent/graft assembly in accordance 
with the invention. 

0049 FIG.24 is a schematic view of a thirteenth embodi 
ment of an endovascular Stent/graft assembly in accordance 
with the invention. 
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0050 FIG. 25 is a schematic view of a graft in a first 
orientation for use in a Stent/graft assembly of a fourteenth 
embodiment of the invention. 

0051 FIG.26 is a schematic view of the graft of FIG.25 
in a Second orientation. 

0.052 FIG. 27 is a schematic view of the fourteenth 
embodiment of the invention during an initial phase of 
deployment. 

0053 FIG. 28 is a schematic view of the fourteenth 
embodiment at a later Stage of deployment. 

0054 FIG. 29 is a schematic view of the fourteenth 
embodiment after complete deployment. 

0055 FIG. 30 is a schematic view of the fifteenth 
embodiment of the invention prior to deployment. 

0056 FIG. 31 is a schematic view of the fifteenth 
embodiment in an introducer Sheath. 

0057 FIG. 32 schematically illustrates the introducer 
sheath and the stent/graft assembly of FIG. 30 being intro 
duced into a blood vessel. 

0.058 FIG. 33 is a schematic view at a first stage of 
deployment of the stent/graft assembly of FIG. 30. 

0059 FIG. 34 is a schematic view at a second stage of 
deployment of the stent/graft assembly of FIG. 30. 

0060 FIG. 35 is a schematic view at a final stage of 
deployment of the stent/graft assembly of FIG. 30. 

0061 FIG. 36 is cross-sectional view taken along lines 
36-36 in FIG. 35. 

0.062 FIG. 37 is a cross-sectional view taken along lines 
37-37 in FIG. 35. 

0063 FIG.38 is a schematic view of a sixteenth embodi 
ment that is similar to the fifteenth embodiment but employs 
a corrugated graft. 

0064 FIG. 39 is a schematic view of a seventeenth 
embodiment showing a stent/graft assembly disposed in an 
introducer sheath. 

0065 FIG. 40 is a schematic view of the seventeenth 
embodiment at an initial Stage of deployment into a blood 
vessel. 

0.066 FIG. 41 is a schematic view similar to FIG. 40 but 
showing the Stent/graft assembly at a Second phase of 
deployment. 

0067 FIG. 42 is a schematic view similar to FIG. 40 but 
showing the Stent/graft assembly at a third phase of deploy 
ment. 

0068 FIG. 43 is a schematic view similar to FIG. 40 but 
showing the Stent/graft assembly at a fourth phase of deploy 
ment. 

0069 FIG. 44 is a cross-sectional view taken along lines 
44 in FIG. 43. 

0070 FIG. 45 is a schematic view showing the stent/ 
graft assembly of FIG. 39 after deployment. 

0071 FIG. 46 is a schematic view of an eighteenth 
embodiment during deployment. 
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0072 FIG. 47 is schematic view of the eighteenth 
embodiment after deployment. 
0073 FIG. 48 is schematic view of a graft for use in 
nineteenth embodiment of the invention showing the graft in 
an initial orientation that corresponds to a post-deployment 
orientation. 

0074 FIG. 49 shows the graft of FIG. 48 in an inside out 
inverted orientation. 

0075 FIG.50 is a schematic view of the inverted graft of 
FIG. 49 with one leg of the bifurcated graft folded into the 
other and with a stent connected in Substantially end-to-end 
relationship with the graft to define a deployment orienta 
tion. 

0.076 FIG. 51 is a schematic view of the stent/graft 
assembly of FIG. 50 at a second stage during deployment. 
0.077 FIG. 52 is a schematic view of the stent/graft 
assembly of FIGS. 50 and 51 in a third stage of deployment. 
0078 FIG. 53 is a schematic view of the stent/graft 
assembly of FIGS. 50-52 after complete deployment. 
007.9 FIG. 54-56 are schematic views showing an alter 
nate way of deploying the Stent/graft assembly that is 
depicted in FIGS. 48-53. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0080. An endovascular stent/graft assembly in accor 
dance with a first embodiment of the invention is identified 
generally by the numeral 10 in FIG. 1. The endovascular 
stent/graft assembly 10 includes a substantially tubular graft 
12 having a flexible wall formed from a synthetic material, 
Such as a polyester material that is Substantially impervious 
to fluid transmission or that becomes Substantially impervi 
ous after exposure to blood. The tubular graft 12 has an 
upstream end 14, a downstream end 16 and a fluid passage 
18 extending between the ends. The endovascular stent/graft 
assembly 10 further comprises a tubular stent 20 having an 
upstream end 22, a downstream end 24 and a passage 26 
extending between the ends. The tubular stent 20 may be of 
known construction and may be formed from materials that 
are known to those skilled in the art of treating vascular 
anomalies with endovascular Stent/graft assemblies, Such as 
polyethylene terepthalate and PTFE, including materials 
Sold under the trademarks DACRONCE) and GORTEXCE). 

0081. The terms upstream and downstream used to define 
the ends of the tubular graft 12 and the tubular stent 20 are 
employed with reference to the direction of blood flow 
existing during insertion of a Stent graft assembly 10. More 
particularly, the endovascular Stent/graft assembly prefer 
ably will be inserted into a blood vessel such that the tubular 
stent 20 is upstream and facing into the flow of blood. The 
tubular graft 12 then will trail behind the stent relative to the 
direction of insertion of the endovascular Stents/graft assem 
bly 10 and relative to the direction of the blood flow. This 
preferred orientation of the endovascular Stent/graft assem 
bly 10 will enable the much more flexible tubular graft 12 to 
perform much in the nature of a wind-Sock that is urged into 
an extended condition by forces exerted by the blood flow. 
A reversed insertion, of this first embodiment, on the other 
hand, could cause the flexible tubular graft 12 to collapse in 
response to the blood flow. 
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0082. As shown generally in FIG. 1 and more specifi 
cally in FIGS. 2 and 3, the tubular graft 12 and the tubular 
Stent 20 are connected Substantially in end-to-end axial 
relationship. More particularly, as shown in FIG. 2, the 
upstream end 14 of the tubular graft 12 is butted against the 
downstream end 24 of the tubular stent 20 to achieve a true 
end-to-end axial connection between the tubular graft 12 and 
the tubular stent 20. This pure axial end-to-end abutment can 
be achieved by fusing, Suturing or other known connection 
means that will be appreciated by perSons skilled in this art. 
0.083. The true end-to-end axial connection may be dif 
ficult to achieve with certain material employed for the 
tubular graft and the tubular Stent. In these situations, a 
Substantially end-to-end axial connection can be achieved 
with a slight telescoping overlap as shown Schematically in 
FIG. 3. With this optional arrangement, the inner circum 
ferential Surface of the tubular graft 12 adjacent the 
upstream end 14 may be telescoped slightly over the outer 
circumferential surface of the tubular stent 20 adjacent the 
downstream end 24. Sutures, fusing or other known con 
nections then may be employed to permanently affix the 
Slightly overlapped ends of the tubular graft 12 and the 
tubular stent 20. 

0084 FIGS. 2 and 3 depict substantially continuous 
connection between the annular periphery at the upstream 
end of the tubular graft 12 and the annular periphery at the 
downstream end 24 of the tubular stent 20. However, Such 
a continuous connection may not be required in many 
Situations. Rather, one or more points of contact and affix 
ation may be sufficient between the upstream end 14 of the 
tubular graft 12 and the downstream end of the tubular stent 
20. AS noted above, end-to-end axial connection may com 
prise true end-to-end connection or a connection with a slide 
telescope overlap between the tubular graft 12 and the 
tubular stent 20, as shown in FIG. 3. 
0085. As a further alternate, Substantially end-to-end 
axial relationship may comprise an axial gap between the 
tubular graft 12 and the tubular stent 20, as shown in FIGS. 
4A and 4.B. FIG. 4A shows the general concept of an axial 
gap between the tubular graft 12 and the tubular stent 20 
prior to deployment. FIG. 4B shows one optional deploy 
ment. The axial Spacing can provide even further advantages 
for the deployment and positioning of the tubular graft 12 
and the tubular stent 20. In this embodiment, at least one 
connecting wire 15 is connected to both the tubular graft 12 
and the tubular stent 20 and bridges the gap between the 
axially aligned tubular graft 12 and tubular stent 20. The 
connecting wire 15 maintains the Spaced disposition 
between the tubular graft 12 and the tubular stent 20. In this 
embodiment, as well as others, a guide wire 17 may be used 
to guide the Stent/graft assembly 10 during deployment. 
With reference to FIG. 4B, the tubular stent 20 may be 
disposed upstream from the renal arteries and upstream from 
the visceral arteries shown by broken lines in FIG. 4. The 
tubular graft 12 has an upstream end disposed between the 
aneurysm and the renal arteries. The wires 15 extend 
between the graft 12 and the tubular stent 20. Hence, the 
Stent/graft assembly is anchored efficiently in a healthy 
Section of the aorta upstream from the aneurysm. Addition 
ally, blood flow to and from the renal arteries and the 
Visceral arteries is ensured by the axial gap between the 
tubular graft 12 and the stent 20. The wires 15 bridge the gap 
between the graft 12 and the stent 20. 
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0086 The endovascular stent/graft assembly 12 further 
comprises an internal Stent 27 that is deployed after the 
end-to-end connected tubular graft 12 and tubular stent 20 
are in place. The internal Stent 27 may be a balloon expand 
able Stent or a Self-expanding Stent and functions to maintain 
tubular graft 12 in an expanded non-occluded condition. 
Furthermore, the internal Stent 27 maintains outer circum 
ferential Surface regions of the tubular graft 12 near the 
upstream and downstream ends 14 and 16 in face-to-face 
engagement with the inner Surface of the blood vessel 
upstream and downstream from the aneurysm. The insertion 
of the internal stent 27 after positioning the tubular graft 12 
and the tubular stent 20 is considerably easier than the prior 
art endovascular grafts that Simultaneously attempt to 
advance a coaxial arrangement of graft and Stent that are 
longitudinally coextensive with one another. 
0087 An alternate end-to-end connection between the 
tubular graft 12, as shown in FIG. 5, includes a plurality of 
hooks 28 woven or otherwise incorporated into the tubular 
graft 12 to extend axially beyond at least the upstream end 
14. The hooks 28 on the upstream end 14 of the tubular graft 
12 can be engaged into the circumferential Surface of the 
blood vessel. Thus, the hooks 28 function as a fixation 
device that is an alternate to the tubular stent 20 shown in 
FIGS. 1-3. The hooks 28 can be mounted to an annular ring 
(not shown) that can be affixed to the upstream end 14 of the 
tubular graft 12. Thus, the combination of the ring and the 
hooks 28 may function as the fixation device. A variation of 
the FIG.5 embodiment, the hooks 28 at the upstream end 14 
of the tubular graft 12 can be engaged into portions of the 
tubular stent 20 adjacent the downstream end 24. Alterna 
tively, as shown in FIG. 6, hooks 30 may extend axially 
beyond the downstream end 24 of the tubular stent 20 for 
engagement with portions of the tubular graft 12 adjacent 
the upstream end 14. 
0088 FIG. 7 shows an endovascular stent/graft assembly 
32 in accordance with a Second embodiment of the inven 
tion. The endovascular Stent/graft assembly 32 includes a 
tubular graft 12 Substantially identical to the tubular graft 12 
in the embodiment of FIG. 1. The stent/graft assembly 32 
further includes an upstream tubular stent 20 substantially 
identical to the tubular stent 20 in the embodiment of FIG. 
1. However, the stent/graft assembly 32 further includes a 
downstream stent 34. The downstream stent 34 has an 
upstream end 36, a downstream end 38 and a tubular passage 
40 extending between the ends. The upstream end 36 of the 
downstream Stent 34 is connected in Substantially end-to 
end relationship with the downstream end 16 of the tubular 
graft 12 by any of the connection arrangements depicted 
respectively in FIGS. 2-6. The downstream stent 34 can be 
connected to the tubular graft prior to insertion of the 
stent/graft assembly 32 into the blood vessel. Alternatively, 
the sub-assembly of the tubular graft 12 and the upstream 
stent 20 can be inserted into the blood vessel substantially as 
shown in FIG. 1. The downstream stent 34 then can be 
inserted Subsequently and connected intraoperatively to the 
downstream end 16 of the tubular graft 12. 
0089. As noted above, and as illustrated generally in 
FIG. 1, the endovascular stent/graft assembly 10 is fixed 
into the blood vessel with the tubular graft 12 in a down 
stream position relative to the tubular stent 20. This orien 
tation, does not, however, imply a required direction of 
insertion. For example, as depicted in FIG. 8, a catheter C 
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is employed to insert the endovascular Stent/graft assembly 
10 into a blood vessel V along the direction of flow and the 
tubular graft 12 leading the tubular stent 20. Thus, despite 
the slow movement of the catheter C and the stent/graft 
assembly 10 through the blood vessel V in the direction of 
the blood flow, the tubular graft 12 will extend axially 
beyond the tubular stent 20 with a substantially wind-sock 
effect as described above and as shown in FIG. 8. Alterna 
tively, the catheter C can be used to insert the endovascular 
stent/graft assembly 10 in opposition to the direction of 
blood flow, but with the tubular stent 20 in the upstream 
position and leading the endovascular Stent/graft assembly 
10 into the direction of blood flow. More specifically, FIG. 
9 schematically depicts the insertion of the endovascular 
stent/graft assembly 10 through the right iliac artery 40 and 
into the abdominal aorta 42, with the tubular stent 20 in the 
upstream position relative to the tubular graft 12, and with 
the tubular Stent 20 leading the insertion against the direc 
tion of blood flow. 

0090. In certain procedures, the stent/graft assembly may 
start in a direction against the flow of blood but move into 
a different blood vessel to follow the flow of blood. More 
particularly, FIG. 10 depicts the insertion of the stent/graft 
assembly 10 into the right iliac artery 40 for eventual 
insertion into the left iliac artery 44. The initial part of this 
insertion will have the endovascular stent/graft assembly 10 
inverted relative to the preferred and eventual orientation. 
Thus, the tubular graft 12 may initially be in an upstream 
position, and accordingly may collapse Somewhat during the 
initial Stages of the insertion. However, the tubular graft 12 
of the stent/graft assembly will move into the downstream 
position relative to the tubular stent 20 as the stent/graft 
assembly 10 moves into the left iliac artery 44. Thus, any 
collapsing of the more flexible graft 12 that may have 
occurred during initial insertion through the right iliac artery 
40 will be offset by the above-described wind-sock effect as 
the stent/graft assembly 10 moves into the left iliac artery 
44. 

0.091 In certain instances, it may be desirable to provide 
Support for the tubular graft 12 of the Stent/graft assembly 
10. For example, a third embodiment of the endovascular 
Stent/graft assembly is identified generally by the numeral 
46 in FIG. 11. The endovascular stent/graft assembly 46 
includes a tubular graft 12 with an upstream end 14, a 
downstream end 16 and a tubular passage therebetween, 
substantially as in the first and second embodiments. The 
stent/graft assembly 46 further includes a tubular stent 20 
having an upstream end 22, a downstream end 24 and a 
tubular passage 26 extending between the ends. AS in the 
first embodiment, the upstream end 14 of the tubular graft 12 
is affixed in substantially end-to-end relationship with the 
downstream end 24 of the tubular stent 20. The endovascular 
stent/graft assembly 46 differs from the first embodiment by 
the inclusion of a single wire 48 extending from the tubular 
stent 20 axially along the tubular graft 12 and affixed to the 
tubular graft 12 in proximity to downstream end 16. The 
wire 48 ensures that the tubular graft 12 will remain Sub 
Stantially in an extended condition and will prevent the 
downstream end 16 of the tubular graft 12 from collapsing 
toward the tubular stent 20. The provision of the wire 48 
may be helpful, for example, in instances depicted in FIG. 
10 where an endovascular Stent/graft assembly may travel in 
counter flow direction with the tubular graft 12 in an 
upstream position relative to the tubular stent 20. Thus, the 
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wire 48 allows the assembly 46 to be deployed with the 
tubular stent 20 downstream of the tubular graft 12 when 
there is no upstream landing place for the tubular Stent 20. 
A second internal stent, Such as the internal stent 27 of FIG. 
1, then is deployed to open the tubular graft 12. In this 
embodiment, the wind Sock effect does not occur. 
0092 A fourth embodiment of the endovascular stent/ 
graft assembly is identified by the numeral 50 in FIG. 12. 
The endovascular stent/graft assembly 50 is a variation of 
the stent/graft assembly 46 of FIG. 11 in that a plurality of 
wires 52 extend axially from the stent 20 Substantially to the 
downstream end 16 of the tubular graft 12 where the wires 
52 are affixed to the tubular graft 12. The stent/graft assem 
bly 50 prevents axial collapsing of the tubular stent 20, 
substantially as with the embodiment of FIG. 11. However, 
the wires 52 will further provide radially support for the 
tubular graft 12 and will resist radially collapsing of the graft 
12. 

0093. A fifth embodiment of the endovascular stent/graft 
assembly is identified by the numeral 54 in FIGS. 13 and 
14. The stent/graft assembly 54 is similar to the stent/graft 
assemblies of FIGS. 11 and 12. However, the axially 
aligned wires of the previous embodiment are replaced with 
a coil 56. The coil 56 may be anchored to the tubular stent 
20 or to the upstream end 14 of the tubular graft 12 for 
affixation to the downstream end 16 of the tubular graft 12. 
The coil 56 resists axially collapsing and will assist with 
axial extension in response to any axial collapse that does 
occur. Additionally, the coil 56 provides greater outwardly 
directed radially forces on the tubular graft 12 then either of 
the previous embodiments. 
0094) The endovascular stent/graft assembly 32 of FIG. 
7 shows that a plurality of stents 20, 34 can be assembled 
with a single tubular graft 12. The principles embodied in 
FIG. 7 can be employed further to develop more complex 
modular assemblies. For example, FIG. 15 shows a modular 
assembly for repairing vascular anomalies in the region 
where the abdominal aorta 42 meets the right iliac artery 40 
and the left iliac artery 44. In particular, the modular 
endovascular Stent/graft assembly 58 comprises a first 
modular subassembly 60 with a first tubular stent 62 with an 
upstream end 64 and an opposed downstream end 66. The 
first modular Subassembly 60 further comprises a first tubu 
lar graft 68 with an upstream end 70 connected Substantially 
in end-to-end axial relationship with the downstream end 66 
of the first stent 62. The first tubular graft 68 further includes 
a downstream end 72. The first modular component 60 is 
deployed from a right leg approach into the right iliac artery 
40. The first tubular stent 62 then is advanced sufficiently 
into the abdominal aorta 42 for the first tubular stent 62 to 
be upstream of the aneurysm or other vascular abnormality 
in the abdominal aorta 42. 

0.095 The modular assembly 60 further includes a second 
tubular stent 74 that is mounted unrestrained in the first 
tubular graft 68 at a location downstream from or within the 
aneurysm. The first tubular graft 68 further includes tubular 
exit 76 at a location between the second tubular stent 74 and 
the downstream end 72 of the first tubular graft. The second 
tubular Stent 74 preferably is cross-sectionally larger than 
both the exit 76 and portions of the first tubular graft 68 in 
proximity to the exit 70. Thus, the unrestrained second 
tubular stent 74 will not slip longitudinally into either the 
exit 76 or downstream portions of the first tubular graft 68. 
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0096) The assembly 58 further includes a second tubular 
graft 78 with an upstream end 80 and a downstream end 81. 
The second tubular graft 78 is deployed from a left leg 
approach into the left iliac artery 44 and is advanced through 
the exit 76 of the first tubular graft 68. The upstream end 80 
of the second tubular graft 78 is connected substantially 
end-to-end with the second tubular stent 74. Internal stents 
then may be inserted, such as the internal stent 27 described 
with respect to the first embodiment. 
0097. A seventh embodiment of the endovascular stent/ 
graft assembly of the Subject invention is identified gener 
ally by the numeral 82 in FIG. 16. The assembly 82 
comprises first and Second endovascular Stent/graft Subas 
semblies 83 and 84. The first Subassembly 83 comprises a 
first stent 85 and a first tubular graft 86. Similarly, the second 
Subassembly 84 comprises a second stent 87 and a second 
graft 88. The assembly 82 further includes a generally 
disc-like drum Secured in the abdominal aorta 42 at a 
location upstream of the aneurysm. The drum 90 has first 
and second mounting apertures 92 and 94 through which 
portions of the first and second tubular grafts 86 and 88 
extend. The extreme upstream ends of the tubular grafts 86 
and 88 are Secured respectively in end-to-end relationship 
with the downstream end of the first and second tubular 
stents 85 and 87, while the downstream ends of the tubular 
grafts 86 and 88 are disposed respectively in the right and 
left iliac arteries 40 and 44. The drum or disc 90 prevents 
blood from flowing around the tubular grafts 86 and 88 and 
into the region of the aneurysm where blood pressure could 
cause a rupture of the aneurysm. The stents 85 and 87 
provide a Secure mounting of the endovascular Stent/graft 
assembly 82 relative to the aneurysm, and prevent any parts 
of the assembly 82 from migrating downstream due to the 
pressure of the blood flow. The endovascular stent/graft 
assembly 82 of FIG. 16 is used in combination with internal 
stents, such as the internal stent 27 in FIG. 1, that are 
introduced to the tubular grafts 86 and 88 after complete 
implantation of portions of the assembly 82 depicted in FIG. 
16. Additionally, the assembly 82 may be used in combina 
tion with one or two downstream Stents, or other fixation 
devices Secured to downstream ends of the respective tubu 
lar grafts 86 and 88. 
0.098 An eighth embodiment of the endovascular stent/ 
graft assembly of the Subject invention is identified gener 
ally by the numeral 96 in FIG. 17. The stent/graft assembly 
96 is designed in recognition of the fact that Somewhat leSS 
than half of all patients have a neck defined in the abdominal 
aorta immediately upstream of the aneurysm. The neck is 
aligned to the aneurysm at an angle of less than 180. 
Endovascular stent/graft assemblies exhibit some flexibility. 
Thus, a conventional cylindrical endovascular Stent/graft 
assembly can be biased into a noncylindrical curved shape 
that conforms to the shape of the neck adjacent the aneu 
rysm. However, an initially cylindrical Stent/graft assembly 
with a linear axis of Symmetry that is biased into a curved 
noncylindrical shape will exhibit internal resiliency that will 
tend to return the Stent/graft assembly back to an unbiased 
cylindrical configuration. 
0099. A stent/graft assembly that initially is concentric 
about a linear axis and then is bent to be concentric about a 
curved axis will cause portions of the Stent/graft assembly 
on the outside of the curve to circumscribe a Smaller arc 
angle than portions of the Stent/graft assembly more 
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inwardly on the curve. As a result, portions of the cylindrical 
Stent/graft assembly that initially are concentric about a 
linear axis and then are curved to be concentric about a 
curved axis will be affixed leSS Securely in healthy regions 
of the blood vessel upstream from the aneurysm and on the 
outside of the curve of the stent/graft assembly. This con 
figuration is illustrated by the broken line on the endovas 
cular stent/graft assembly 96 shown in FIG. 17. It will be 
appreciated that even minor shifting of the endovascular 
Stent/graft assembly after implantation can result in cata 
Strophic leaks between the Stent/graft assembly and the 
aneurysm. 

0100. To avoid the above-described problems, the endo 
vascular stent/graft assembly 96 shown in FIG. 17 is pre 
formed to be unbiased in a curved condition Symmetrical 
about a curved axis. Thus, the stent/graft assembly 96 can be 
considered to define a Section of torus. Additionally, the 
upstream end 97 is substantially perpendicular to the curved 
axis of the Stent/graft assembly. This requires the Stent/graft 
assembly 96 to be longer on the outside of the curve than on 
the inside of the curve So that portions of the Stent/graft 
assembly 96 circumscribes Substantially equal angles on 
both inner and Outer eXtremes of the curved Stent/graft 
assembly 96. The curve in the endovascular stent/graft 
assembly 96 can be achieved by providing longitudinally 
extending fibers or filaments in the Stent and/or the graft that 
have a preset curve, and aligning the curve filaments, fibers 
or wires to be substantially parallel with one another. Alter 
natively, longitudinal extending filaments, fibers or wires on 
one side of the curve endovascular stent/graft assembly 96 
may be shorter than those on the opposite longitudinal Side. 
Still further, a preset unbiased curved can be achieved by 
appropriate heat treatment of an initially cylindrical Stent. 
0101 The stent/graft assembly 96 can be biased from its 
preset curved or toroidal condition back into a Substantially 
cylindrical condition for deployment. This biased cylindrical 
shape can be maintained by the introducer that is use during 
deployment. The introducer is removed substantially in the 
conventional manner after proper positioning of the Stent/ 
graft assembly 96. At that time, the stent/graft assembly 96 
will be released from its biased cylindrical configuration and 
will return to its preset unbiased curved or toroidal configu 
ration Substantially confirming to the shape imparted by the 
neck upstream from the aneurysm. The preceding embodi 
ments all relate to Stent/graft assemblies where the graft is 
fixed in substantially end-to-end relationship with the stent. 
Such a configuration also is acceptable for the Stent/graft 
assembly 96. However, the curved stent/graft assembly 96 
also is effective for those situations where the stent and the 
graft are longitudinally coextensive with one another and 
where the upstream and downstream ends of both the Stent 
and the graft are at the same or similar axial positions. 
0102 FIG. 18 shows an angulated endovascular stent/ 
graft assembly 196 that is provided for situations similar to 
those described above with respect to FIG. 17. The endo 
vascular stent/graft assembly 196 includes a stent 196 with 
an upstream end 200, a downstream end 202 and a longi 
tudinal axis 204 extending therebetween. The upstream end 
200 is aligned substantially orthogonal to the longitudinal 
axis 204 of the stent 198. The downstream end, however, is 
not perpendicular to the axis 204, and hence defines a 
beveled end. The stent/graft assembly 196 further includes a 
tubular graft 206 having an upstream end 208, and down 
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stream end 210 and an axis 212 extending between the ends. 
The downstream end 210 is aligned substantially orthogonal 
to the axis 212. However, the upstream end 208 is not 
orthogonal to the axis 212. Hence, the upstream end 208 
defines a beveled end. The beveled upstream end 208 of the 
graft 206 is connected Substantially and end-to-end relation 
ship with the beveled downstream end 202 of the stent 198. 
AS in the previous embodiments, the end-to-end connection 
can be achieved by Sutures, bonding, adhesive, welding, 
hooks or the like. Additionally, as with the preceding 
embodiments, the Substantially end-to-end connection may 
include a Small amount of overlap Sufficient to achieve the 
connection. The end-to-end connection of the beveled ends 
202 and 208 of the stent 198 and the graft 206 respectively 
creates a bend that can more nearly approximate the shape 
of the blood vessel adjacent the angulated neck upstream of 
the aneurysm. This alternate embodiment provides certain 
practicalities over the embodiment of FIG. 17. For example, 
the angle of bend can be controlled precisely by effectively 
mitering the ends at an appropriate angle. Second, insertion 
can be easier than with a Stent/graft assembly that is curved 
along its length. In this latter regard, it will be appreciated 
that the graft 206 is very flexible and during insertion will 
collapse and readily follow the stent 198 as the stent 198 is 
inserted generally along its axis 204. 
0103 FIG. 19 shows an endovascular stent/graft assem 
bly 98 with a stent 20, Substantially identical to the stents 20 
described and illustrated above. More particularly, the stent 
20 of the assembly 98 in FIG. 19 has opposed upstream and 
downstream ends 22 and 24. The assembly 98 includes a one 
piece bifurcated graft 100. The graft 100 includes an 
upstream end 102 that is fixed in Substantially end-to-end 
axial engagement with the downstream end 24 of the Stent 
20. Additionally, the graft 100 includes two downstream legs 
104 and 106 for disposition respectively in the right and left 
iliac arteries 40 and 44. The one piece bifurcated graft 100 
of FIG. 19 eliminates some of the intraoperative assembly 
required with the modular system of FIG. 15. The bifurcated 
graft 100 is used with one or more internal stents that are 
deployed after insertion substantially as described with 
respect to the other embodiments. Additionally, downstream 
stents can be affixed to either of the downstream legs 104 
and 106. 

0104 Variations of the FIG. 19 embodiment also may be 
provided. For example, more than two legs may be provided. 
Furthermore the stent 20 may have branches intermediate its 
length, and tubular grafts may be connected in Substantially 
end-to-end relationship with the branches of the stent. 
0105. An example of a variation of the FIG. 19 embodi 
ment is illustrated in FIG. 20. In particular, FIG. 19 shows 
an endovascular stent/graft assembly 198 with a stent 20 
identical to the stent 20 described and illustrated above. The 
assembly 198 includes a graft 200 with a tubular upstream 
end 202 connected to the downstream end 24 of the stent 20. 
The graft 200 also has a tubular downstream end 204 and 
three tubular branches 206, 208 and 210 extending trans 
versely from intermediate positions along the graft 200. 
FIG. 20 shows the endovascular stent/graft assembly 198 
deployed for treating an aneurysm of the thoracic aorta 212. 
The tubular branches 206, 208 and 210 extend to arteries 
that branch from the thoracic aorta 212, including the left 
subclavian artery 216, the left carotid artery 218 and the 
brachiocephalic artery 220. 
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0106. In many instances, Small blood vessels will com 
municate with portions of the abdominal aorta that have the 
aneurysm. Blood delivered by these blood vessels can 
increase preSSure between the aneurysm and the graft. Such 
preSSure can lead to a rupture of the aneurysm and/or 
damage to the graft. The endovascular graft assembly 108 of 
FIG. 21 is specifically configured to occlude Small side 
blood vessels that lead into the aneurysm. More particularly, 
the assembly 108 includes an outer stent/graft Subassembly 
110 that comprises an upstream tubular stent 112 and a 
downstream expandable graft 114. The stent 112 and graft 
114 are connected in Substantially end-to-end axial align 
ment as described and illustrated with respect to the other 
embodiments herein. The downstream graft 114 of the outer 
stent/graft Subassembly 110 differs from the tubular grafts 
described and illustrated above. More particularly, the outer 
graft 114 may be a synthetic fabric or a detachable balloon 
that has been used in the prior art. Specifically, the outer 
graft 114 can be expanded radially to conform Substantially 
to the shape of the aneurysm and to thereby occlude the 
Small blood vessels that lead into the aneurysm. The assem 
bly 108 further includes an inner stent/graft Subassembly 
116 that has an upstream stent 118 and a downstream tubular 
graft 120. The inner Subassembly 116 may be substantially 
identical to the endovascular stent/graft assembly 10 
described with respect to FIG. 1 and other embodiments set 
forth above. Thus, the tubular graft 120 of the inner Subas 
sembly 116 is not expandable. An inner stent similar to the 
inner stent 27 described and illustrated above may extend 
through the tubular graft 120. The space between the inner 
and outer graft 114 and 120 may be filled with blood, a 
contrast liquid, an adhesive or water. Variations of this 
embodiment may include a detachable balloon between the 
inner graft 120 and the expandable outer graft 114. Alter 
natively, the detachable balloon may make the Separate inner 
graft unnecessary. Still further, the detachable balloon may 
make a separate internal Stent for the outer graft unneces 
Sary. 

0107 FIG. 22 shows a stent/graft assembly 310 that 
incorporate features of the assemblies shown in FIGS. 1-4B. 
In particular, the Stent/graft assembly 310 includes a graft 
312 and a stent 320 that are connected Substantially in 
end-to-end relationship. AS in the preceding embodiment, 
the stent 20 is intended for disposition adjacent a healthy 
Section of the blood vessel upstream from an aneurysm. The 
tubular graft 312 typically will extend downstream from the 
Stent 320 across an aneurysm and into a location down 
Stream from the aneurysm. However, many Such aneurysms 
occur in the abdominal aorta Slightly downstream from the 
renal arteries. The stent 320 often will take the form of a 
tubular wire mesh that normally should permit a blood flow 
through the tubular mesh and into the renal arteries. How 
ever, the tubular mesh of the stent 320 can become blocked 
by materials flowing in the blood. Blockage of the renal 
arteries can lead to kidney failure and is more likely to occur 
with the wire mesh stent in place than without the wire mesh. 
Hence, the implantation of the stent/graft assembly 10 of 
FIG. 1 in the abdominal aorta with the stent 320 aligned 
with the renal arteries could overcome the problems asso 
ciated with the aneurysm, but could cause kidney problems 
due to blockage of the renal arteries. The FIGS. 4A and 4B 
embodiments provide one solution to that problem. FIG.22 
provides another Solution without the use of the connecting 
wires of FIGS. 4A and 4.B. In particular, the stent 320 of 
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FIG.22 has a downstream end 324 defined by a plurality of 
crenulations 325 that are separated by cutouts 326 that 
extend axially a Sufficient distance to overlap the renal 
arteries and visceral arteries. The crenulations 325 at the 
downstream end 324 of the stent 320 are affixed in Substan 
tially end-to-end relationship with the upstream end of the 
tubular graft 312. The axially extending cutouts 326 permit 
unimpeded blood flow to the renal arteries and visceral 
arteries. 

0108 FIG. 23 shows still a further alternative embodi 
ment that may be adopted as an alternate to the embodiments 
of FIG. 4B and FIG. 22. In particular, the assembly 410 in 
FIG. 23 includes a tubular graft 412 with an upstream end 
414 and opposite downstream ends 416 positioned in the 
iliac arteries. The assembly 410 further includes wires 420 
extending at least partly through the graft 412 and projecting 
upstream therefrom. Assembly 410 does not have a tubular 
stent comparable to the tubular stent 20 shown in FIGS. 4A 
and 4.B. Rather, the upstream ends of the wires 420 are 
formed with hooks or barbs 422 that permit anchoring of the 
assembly 410 in a healthy section of a blood vessel that may 
be upstream from the aneurysm. The embodiment of FIG. 
23 also is well Suited for treatment of an aneurysm in the 
abdominal aorta. In particular, the upstream end 414 of the 
graft 412 can be positioned between the aneurysm and the 
renal arteries. The wires 420 extend to locations in the 
abdominal aorta upstream from the renal arteries and 
upstream from the Visceral arteries. Thus, as in the embodi 
ments shown in FIGS. 4B and 22, blood flow to the renal 
arteries and the Visceral arteries is Substantially unimpeded. 
0109 FIG. 24 shows still another embodiment that may 
be adopted as an alternate to the embodiments of FIGS. 4B, 
22 and 23. In particular, the assembly 510 in FIG. 24 
includes a tubular graft 512 with an upstream end 514 and 
opposite downstream ends 516 positioned in the iliac arter 
ies. The assembly 510 further includes a tubular stent 520 
connected to the upstream end 514 of the tubular graft 512 
in Substantially end-to-end relationship. In the illustrated 
embodiment, the tubular stent 520 is positioned in the 
abdominal aorta at a location upstream from the renal 
arteries. Apertures 515 are formed in portions of the tubular 
graft 512 near the upstream end 514 to permit a flow of 
blood to the visceral arteries and the renal arteries. However, 
portions of the tubular graft 512 closer to the downstream 
ends 516 are substantially free of apertures. As illustrated in 
FIG. 24, these portions of the tubular graft 512 without the 
apertures bridge the aneurysm. 

0110 FIGS. 25-29 show a stent/graft assembly 610 that 
may be similar to any of the previously described embodi 
ments but that is oriented differently prior to deployment and 
then deployed differently. In particular, the assembly 610 
includes a tubular graft 612 with opposite longitudinal ends 
614 and 616. The graft 612 further includes an inner 
circumferential Surface 618 and an outer circumferential 
surface 619, as shown in FIG. 25. The graft 612 then is 
turned inside out, as shown in FIG. 26 So that the initial 
inner circumferential Surface 618 faces outwardly and so 
that the initial outer circumferential Surface 619 faces 
inwardly. In this regard, it is understood that the graft 612 is 
formed from thin flexible material, and the manipulation to 
convert the graft 12 from the FIG.25 orientation to the FIG. 
26 orientation is roughly comparable to the manipulation 
carried out to fold a pair of SockS. 
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0111 FIG. 27 shows the graft 612 in the FIG. 26 
orientation connected in Substantially end-to-end relation 
ship with a stent 620 and disposed within a substantially 
conventional tubular introducer sheath 630. More particu 
larly, the stent 620 has a free end 622 and a connected end 
624 that is connected in Substantially end-to-end relationship 
with the end 614 of the tubular graft 612. The free end 616 
of the tubular graft 612 is releasably connected near the end 
632 of the introducer sheath 630. The releasable connection 
may be achieved with Sutures or other known connection 
means that would be appreciated by those skilled in this art. 
The introducer sheath 630 is advanced to an appropriate 
location in a blood vessel in a direction indicated by the 
arrow A in FIG. 27. Thus, the tubular graft 612 is in a 
leading position during this deployment. 

0112 Movement of the introducer sheath 630 in the 
direction A is stopped when the stent/graft assembly 610 is 
at an appropriate position relative to the aneurysm or other 
vascular anomaly. The stent 620 then is advanced in the 
direction of the arrow A while keeping the graft 612 and the 
introducer sheath 630 substantially stationary. This move 
ment is illustrated schematically in FIG. 28 and begins 
reversing the graft 612 back into the FIG. 25 orientation. 
This movement of the stent 620 stops in FIG. 29 when the 
graft 612 has been completely reverted back to the FIG. 25 
orientation. Thus, the circumferential Surface 618 faces 
inwardly and the circumferential Surface 619 faces out 
wardly. FIG. 29 shows that the end 624 of the stent 620 is 
connected in Substantially end-to-end relationship with the 
end 614 of the graft 612, and hence Substantially in con 
forms with the preceding embodiments. The solid line 
depiction of FIG. 29 shows the free ends 622 of the stent 
620 substantially aligned with the free end 616 of the tubular 
graft 612. However, the numeral 616a shows a variation 
where the free end 622 of the stent 620 extends axially 
beyond the free 616a of the graft 612. This orientation 
reflects the fact that there may be better direct affixation of 
the stent 620 to the blood vessel. The broken line depiction 
in FIG. 29 shows a variation where the free end 616b of the 
graft 612 extends axially beyond the free end 622 the stent 
620. This latter variation may require a Subsequent deploy 
ment of an internal Stent to Support portions of the graft 612 
near the free end 616b. 

0113. The stent/graft assembly 610 illustrated in FIGS. 
25-29 achieves a Small croSS Section during deployment, as 
described with respect to the previous embodiments. Addi 
tionally, the stent/graft assembly 610 of FIGS. 25-29 can 
eliminate or reduce the need for internal Stents, and hence 
Substantially shortens and Simplifies the Surgical deploy 
ment of the stent/graft assembly 610. 
0114 Deployment of the stent/graft assembly 610 can be 
facilitated by opening the graft 612 to its full diameter prior 
to inverting the stent/graft assembly 610. A first approach for 
achieving this opening of the graft 612 can be achieved by 
employing first and second stents 620a and 620b fixed 
respectfully in end-to-end relationship to opposite ends 614 
and 616 of the graft 612, as shown in FIGS.30-37. The graft 
612 initially is inverted, as shown in FIG. 26, so that the 
inner surface 618 faces out. The collapsed stents 620a and 
620b then are secured to opposite ends 614 and 616 of the 
graft 612 to define a stent/graft assembly 610, as shown in 
FIG. 30. The stent/graft assembly is positioned in an intro 
ducer sheath 630 as shown in FIG. 31. The introducer sheath 
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630 is moved through the artery 631, as shown in FIG. 32, 
and is positioned at an appropriate location near a diseased 
section of the artery. The stent 620b then is advanced slightly 
beyond the axial end 632 of the introducer sheath 630 and 
is expanded, as shown in FIG. 33, by known expansion 
means, Such as expansion means used in known Self-ex 
panding Stents. The expansion of the Stent 620b, as shown in 
FIG.33 will permit the unexpanded stent 620a and portions 
of the graft 612 attached thereto to be moved into and 
through the expanded stent 620b, as shown in FIG. 34. As 
a result, the graft 612 is reinverted So that the outer Surface 
619 is turned to gradually face out. The stent 620a is moved 
to an appropriate position on the artery 631 Spaced from the 
stent 620b. The stent 620a then is expanded into supporting 
engagement with the interior Surface of the artery 631, as 
shown in FIGS. 35-37. In this deployed condition, the graft 
612 extends from the end of the stent 620b furthest from the 
stent 620a. The graft 612 then is disposed against the outer 
circumferential Surface of the stent 620b and continues 
through the blood vessel to the end of the stent 620a farthest 
from the Stent 620b. 

0115 The length of the graft 612 should be sufficient to 
bridge the diseased Section of the artery. However, decisions 
regarding the disposition of the stents 620a and 620b and 
hence the length of the graft 612 may be made intraopera 
tively. To facilitate Such intraoperative decisions, a corru 
gated graft 612a may be employed with the stents 620a and 
620b as shown in FIG. 38. This assembly of the corrugated 
graft 612a and the stents 620a and 620b are deployed in 
exactly the manner described above and shown in FIGS. 
30-37. However, the corrugations in the graft 612a permit 
variations in the length of the graft 612a. Corrugated grafts 
of this type are known to those skilled in the art and have 
been used in other situations. Corrugated grafts are shown, 
for example, in published U.S. Patent Application No. 
US2003/0O88305. 

0116. The graft 612 can be opened without the use of the 
above-described second stent 620b. More particularly, the 
above-described end-to-end assembly of the graft 612 and 
the stent 620 can be used with an expandable introducer 
sheath 630a, as shown in FIGS. 39-45. An expandable 
introducer sheath is known in the art for use other than the 
use disclosed herein. A typical expandable introducer Sheath 
is shown published U.S. patent applications, including Pub 
lication No. US2004/0082962, Publication No. 2004/ 
OO39435 and Publication No. 2004/001028O. In this 
embodiment, the end 616 of the graft 612 opposite the stent 
620 is temporarily and releasably connected to the free end 
632a of an expandable introducer sheath 630a, as shown in 
FIG. 39. The introducer sheath 630a then is advanced 
through the artery to the Selected location near the diseased 
Section of the blood vessel, as shown in FIG. 40. The end 
632a of the expandable introducer sheath 630 then is 
expanded, as shown in FIG. 41, thereby causing the end 616 
of the graft 612 to expand as well. The stent 620 and portions 
of the graft 612 attached to the stent 620 then are advanced 
by a pusher catheter 640 axially through the expanded end 
632a of the introducer sheath 630a and through the opened 
end of the graft 612 as shown in FIG. 42. The stent 620 then 
is expanded (FIG. 43) and urges the graft 612 out against the 
wall of the blood vessel, as shown in FIGS. 43 and 45. The 
introducer sheath 630a then is separated from the graft 612 
and withdrawn (FIG. 45). 
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0117. As noted above, the substantially end-to-end affix 
ation between the Stent and the graft can include an axial 
Space between the Stent and the graft. Such a Space can be 
applied to the embodiment of the invention depicted in 
FIGS. 25-41. In this regard, the the stent/graft assembly 700 
of FIG. 46 shows a graft 712 with a connected end 714 and 
a free end 716. The graft 712 is inverted from its pre 
deployment configuration So that the initial Outer circum 
ferential Surface 619 faces in and so that the initial inner 
circumferential Surface 618 faces out. The stent/graft assem 
bly 700 further includes a stent 720 with a free end 722 and 
a connected end 724. The connected end 724 of the stent 720 
is connected to the connected end 714 of the graft 720 by 
Sutures 715 or other means known to those skilled in the art 
that provide an axial gap between the connected ends 714 
and 724. 

0118. The stent/graft assembly 700 is deployed substan 
tially in the same manner as the assembly 600 described 
above. After proper positioning, the stent 720 is moved 
axially through the graft 712 and thereby reverts the graft 
712 back to its original orientation with the circumferential 
surface 718 facing inwardly and the circumferential surface 
719 facing outwardly. The assembly 700 differs, however, 
from the assembly 600 in its post-deployment configuration. 
In particular, the axial Space between the connected ends 714 
and 724 results in the connected ends 724 of the stent 720 
projecting axially beyond the connected end 714 of the graft 
712. Hence, the stent 720 can be in face-to-face engagement 
with the inner circumferential surface of the blood vessel. 
Such direct affixation between the stent 720 and the blood 
vessel may, in Some instances, achieve better affixation than 
a graft-to-blood vessel affixation. The relative positions of 
the free ends 716 and 722 of the graft 712 and stent 720 
respectively can take any of the optional orientations 
depicted in FIG. 29 and described with respect to the 
previous embodiment. 

0119) The aspect of the invention described with respect 
to FIGS. 25-46 also can be applied to a bifurcated graft as 
illustrated in FIGS. 48-53. In particular, FIG. 43 shows a 
bifurcated graft 812 having a primary leg 813 with a primary 
end 814. Additionally, the graft 812 has first and second 
bifurcated legs 815-1 and 815-2 respectively. The first 
bifurcated leg 815-1 has an end 816-1 and the second 
bifurcated leg 815-2 has an end 816-2. The graft 812, in the 
FIG. 48 orientation, further has an inner circumferential 
Surface 818 and an outer circumferential Surface 819. 

0120) The graft 812 then is turned inside out and into the 
orientation shown in FIG. 49. This is roughly comparable to 
the inversion described above with respect to FIG. 26 and 
is roughly comparable to turning a pair of pants completely 
inside out. As a result, the initial inner circumferential 
surface 818 faces outwardly and the initial outer circumfer 
ential Surface 819 faces inwardly. 
0121 The graft 812 then is manipulated further by fold 
ing and inverting the second leg 815-2 to lie substantially 
completely within the first leg 815-1. This is roughly com 
parable to folding the inverted pair of pants So that one leg 
lies completely within the other leg. In this configuration, 
the second leg 815-2 is returned temporarily to its initial 
orientation with the circumferential Surface 818 facing 
inwardly and with the circumferential surface 819 facing 
outwardly. Other parts of the bifurcated graft 812, however, 
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retain the orientation shown in FIG. 49. FIG. 50 further 
shows a stent 820 with a free end 822 and a connected end 
824. The connected end 824 is joined substantially in 
end-to-end relationship with the primary end 814 of the graft 
812. 

0122) The assembly 810 can be deployed substantially as 
described with respect to the embodiment of FIGS. 25-41. 
More particularly, the assembly 810 is disposed in an 
introducer sheath by releasably affixing the ends 816-1, 
816-2 of the bifurcated legs 815-1, 815-2 near the leading 
end of the introducer sheath. AS described above, the releas 
able attachment may be achieved by Sutures or other known 
attachment means. 

0123 The assembly 810 is deployed to a proper position 
by the introducer sheath. The stent 820 then is moved axially 
within the graft 812 substantially as shown in FIG. 51. This 
movement of the stent 820 causes a gradual inversion of the 
graft 812 substantially as described with the embodiment of 
FIGS. 25-29. However, in this embodiment the stent 820 
moves axially within the telescoped bifurcated legs 815-1 
and 815-2. The advancement of the stent 820 axially within 
the graft 812 terminates when the connected end 824 of the 
stent 820 is positioned properly with respect to the con 
nected primary end 814 of the graft 812. In the embodiment 
of FIG. 52 the connected ends 814 and 824 are substantially 
registered. However, the stent 820 may extend axially 
beyond the connected end 814 of the graft 812 substantially 
as described with respect to the embodiments of FIGS. 46 
and 47. FIG. 52 shows the stent 820 in one possible final 
position relative to the primary leg 813 of the bifurcated 
graft 812. In the FIG. 53 orientation, however, the graft 812 
has completely inverted from the orientation shown in FIG. 
50. Thus, the circumferential Surface 818 faces inwardly on 
most of the graft and the circumferential surface 819 faces 
outwardly on most of the graft. However, the second bifur 
cated leg 815-2 is still folded into the first bifurcated leg 
815-1. Additionally, the second bifurcated leg 815-2 has 
returned again its inverted orientation with the circumfer 
ential Surface 818 facing outwardly thereon and the circum 
ferential surface 819 facing inwardly thereon. 
0.124 Deployment of the assembly 810 is completed by 
returning the second bifurcated leg 815-2 to its final position 
outside of the first bifurcated leg 815-1. Thus, the circum 
ferential Surface 818 faces inwardly throughout the bifur 
cated graft 812 and the circumferential surface 819 faces 
outwardly on the entire bifurcated graft 812. In this final 
deployed position, the first and second bifurcated legs 815-1 
and 815-2 may be in the femoral arteries of the patient. 
0.125. As with the preceding embodiments, the assembly 
810 provides a desirably small cross section for deployment 
while avoiding the need for a Subsequent deployment of an 
internal stent on the main leg 813 of the bifurcated graft 812. 
Internal Stents may be required in their respective bifurcated 
legs 815-1 and 815-2. However, the entire surgical proce 
dure is simplified. 
0126 FIGS. 54-56 show an optional method for deploy 
ing the stent/graft assembly 810. In particular, the graft 812 
is completely inverted from the FIG. 48 orientation into the 
FIG. 49 orientation and the connected end 824 of the stent 
820 is secured in Substantially end-to-end relationship with 
the end 814 of the graft 812. In the embodiment of FIGS. 
48-53, the second leg 815-2 is inverted and inserted into the 
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first leg 815-1. In this embodiment, however, the second leg 
815-2 is permitted to collapse, but is not inserted into the 
first leg. The two collapsed legs are inserted into introducer 
sheath 830 so that the graft 812 is in a leading position 
relative to the stent 820. The introducer sheath 830 then may 
be used to guide the assembly 810 into an appropriate 
position in the femoral artery of the ipsilateral limb. The 
stent 820 then is pushed into the first bifurcated leg 815-1 of 
the graft 812 and thereby turns the main leg 813 and the first 
bifurcated leg 815-1 inside out. This process will loosely 
position the second bifurcated leg 815-2 in an inverted 
orientation inside the main leg 813 and/or the first bifurcated 
leg 815-1. The second bifurcated leg 815-2 then is turned 
inside out and positioned properly within the femoral artery 
of the contrailateral limb. 

0127. The movement of the second femoral leg 815-2 can 
be achieved by pull suture assembly 840. In this regard, a 
pull suture assembly 840 is considered to define two sutures 
841, 842 that are stitched together onto the second bifurcated 
leg 815-2 in Such a manner that a pulling force on both 
sutures of the pull suture assembly 840 will permit the 
pulling force to be transmitted to the portion of the graft 812 
into which the sutures 841, 842 are sewn. However, a pulling 
force on only one of the sutures 841 or 842 will permit the 
two Sutures 841,842 to separate from one another and from 
the graft. Thus, the two Sutures can be pulled Simultaneously 
to deploy the second bifurcated leg 815-2 properly. How 
ever, a single Suture may then be pulled to separate the 
sutures from the graft 812. 

0128. While the invention has been described with 
respect to certain preferred embodiments, it is apparent that 
various changes can be made without departing from the 
Scope of the invention as defined by the appended claims. 
For example, for each of the optional embodiments, and 
variations thereof, the Substantially end-to-end Stent-to-graft 
connections can be pure end-to-end abutment as depicted 
schematically in FIG. 2 or a slightly overlapped telescoped 
arrangement, as shown in FIG. 3. In other options, there 
may be a greater telescoping between the graft and Stent 
prior to deployment and/or during deployment. However, 
the graft and Stent then may be extended intraoperatively 
into the slightly overlapped relationship depicted in FIG. 3. 
Embodiments of the invention that show a curved stent/graft 
assembly with the Stent and the graft Substantially coexten 
Sive may comprise a single tubular graft with a plurality of 
Stents disposed Substantially in end-to-end relationship with 
one another or in axially spaced relationship to one another. 
At least certain of the Stents may comprise a Single ring or 
a short Section of a helix. In these embodiments, the graft 
may be inside the one or more Stents, outside the one or more 
Stents or the assembly may have two tubular grafts disposed 
respectively inside and outside the one or more Stents. 
Additionally, as noted above, at least a portion of a graft 
connected in end-to-end relationship with a Stent may be 
connected preoperatively to its own Stent. This later embodi 
ment would not achieve a minimum cross-sectional dimen 
Sion with a correspondingly easier insertion, but may 
achieve a more Secure affixation than assemblies that rely 
upon only a coaxially coextensive Stent and graft. 

0129. The temporary connection between the graft and 
the introducer sheath can take forms other than the Sutures 
Specifically mentioned above. These connections may 
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include a weak adhesive bond, a cohesion or a temporary 
retention between hook like Structures and loops. 
0130. A tubular introducer sheath has been depicted in 
the figures. However, other introducing mechanisms can be 
employed, Such as a simple introducer wire or a plurality of 
wires. Similarly, the means for moving the contralateral leg 
of the bifurcated graft internally through the inverted graft 
can be carried out by any of a plurality of known means, 
including the use a Second introducer sheath, an additional 
wire or a pull thread. 
0131 The introducer sheath is depicted schematically as 
a continuous tube. However the end of the introducer sheath 
may have slits, perforations or other expandable regions to 
facilitate movement of the Stent through the sheath. 
What is claimed is: 

1. A Stent/graft assembly comprising a Substantially tubu 
lar graft having opposite first and Second ends, a first Stent 
affixed to the first end of the tubular graft and a second stent 
affixed to the second end of the tubular graft, portions of the 
tubular graft adjacent the first end Surrounding Said first 
Stent, portions of the tubular graft adjacent the Second end 
being Substantially Surrounded by the Second Stent. 

2. A Stent/graft deployment method comprising: 
providing a Stent/graft assembly having a Substantially 

tubular graft with opposite first and Second ends and a 
stent affixed to the first end of the tubular graft; 

mounting said stent/graft assembly into an introducer 
sheath Such that Said Second end of Said tubular graft is 
releasably Secured in proximity to an free end of Said 
introducer sheath; 
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guiding the free end of the introducer sheath to a Selected 
location in a blood vessel; 

expanding the Second end of the tubular graft circumfer 
entially and into engagement with interior Surface 
regions of Said blood vessel; 

advancing Said Stent and Said first end of Said tubular graft 
through the Second end of the tubular graft So that the 
tubular graft is turned Substantially inside out; and 

expanding the Stent circumferentially So that the Stent 
urges the first end of the tubular graft circumferentially 
into engagement with the interior Surface regions of 
Said blood vessel at locations Spaced from the intro 
ducer sheath. 

3. The method of claim 2, wherein the step of providing 
a stent/graft assembly comprises providing tubular graft and 
affixing Said Stent to Said graft in Substantially end-to-end 
relationship. 

4. The method of claim 2, wherein the Step of expanding 
the first end of the tubular graft includes expanding the open 
end of the introducer sheath to expand the first end of the 
tubular graft releasably connected thereto. 

5. The method of claim 2, further comprising the step of 
releasing the introducer sheath from the first end of the 
tubular graft. 

6. The method of claim 2, wherein the stent is a first stent 
and wherein the Step of providing a Stent/graft assembly 
comprises providing a Stent/graft assembly having a Second 
Stent affixed to the Second end of the tubular graft, and 
wherein the Step of expanding the Second end of the tubular 
graft is carried out by expanding the Second Stent. 
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